Patients undergoing bilateral total knee arthroplasty (BTKA) may have higher complication rates and mortality than those undergoing a unilateral procedure (UTKA). To evaluate this hypothesis, we analyzed nationally representative data collected for the National Hospital Discharge Survey on discharges after BTKA, UTKA, and revision TKA (RTKA) between 1990 and 2004. The demographics, comorbidities, in-hospital stay, complications, and mortality of each procedure were compared. An estimate of 4,159,661 discharges (153,259 BTKAs; 3, 672,247 UTKAs; 334,155 RTKAs) were included. Patients undergoing BTKA were younger (1.5 years) and had a lower prevalence of comorbidities for hypertension (versus UTKA), diabetes, pulmonary disease, and coronary artery disease (versus UTKA and RTKA). The length of hospitalization was 5.8 days for BTKA, 5.3 for UTKA, and 5.4 for RTKA. Despite similar length of hospitalization, the prevalence of procedure-related complications was higher for BTKA (12.2%) compared with UTKA (8.2%) and RTKA (8.7%). In-hospital mortality was highest for patients undergoing BTKA (BTKA, 0.5%; UTKA, 0.3%; RTKA, 0.3%). Patients undergoing BTKA had a 1.6 times higher rate of procedure-related complications and mortality compared with those undergoing UTKA. Outcomes for patients undergoing RTKA for most variables were similar to those for UTKA. BTKA, advanced age, and male gender were independent risk factors for complications and mortality after TKA.
Introduction
Total joint arthroplasty remains the most successful treatment for end-stage osteoarthritis of the knee, improving pain and function [13, 14, 25, 37, 58, 77] . The number of primary unilateral (UTKA), bilateral (BTKA), and revision TKAs (RTKA) has increased substantially over the last two decades [68, 78] and is projected to surpass a half million per year by 2030 in the United States [31, 37, 38, 46, 58, 76] .
With the confidence that is associated with advancements in anesthesia, surgical technique, and perioperative care of patients undergoing UTKA, those with severe bilateral osteoarthritis of the knee are increasingly being offered bilateral, single-stage TKA [41, 56] . Single-stage BTKA has gained popularity among surgeons and patients as a result of advantages such as the need for a single Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. This study was partially funded by a Young Investigator Award of the Department of Anesthesia at Hospital for Special Surgery. anesthetic and admission, a diminished combined length of hospital stay, cost [9, 45, 49, 61] , use of narcotics, and a faster overall recovery than bilateral, staged TKA [5, 11, 17, 57] . However, the use of simultaneous BTKA remains the subject of intense debate [55, 60, 76] . Despite the suggestion by some authors that the rate of medical complications is low [2, 26-29, 35, 36, 51, 52, 59, 64, 65, 67, 72, 74, 78, 79] , others [1, 4, 10, 11, 42, 44, 49, 53, 62, 63] , including reports based on a recent meta-analysis [60] , have questioned its safety.
Despite persistent controversy over this procedure, a paucity of nationally representative data on patient demographics, comorbidities, rate of complications, and mortality exist. The published results in the literature vary and are limited to high-volume institutions [19, 51, 55] . Available population-based studies on this topic are rare [4, 62, 78] and are limited to observations in the Medicare population [4] . Because BTKA is usually indicated in younger and healthier patients, many younger than age 65, the Medicare-based studies may not capture a large proportion of the target population undergoing BTKA. Nationally representative information is of importance for physicians, patients, administrators, researchers, and policymakers alike.
To overcome the previously mentioned limitations, we used data collected in the National Hospital Discharge Survey to answer the following research questions: (1) What are the patient demographics, comorbidity profiles, hospital characteristics, in-hospital complications, and mortality of patients undergoing BTKA in the United States? (2) How do the previously mentioned variables compare with those of patients undergoing UTKA and RTKA? (3) What are the independent risk factors for complications and mortality after arthroplasty procedures of the knee? We hypothesized in a nationally representative sample, that patients undergoing BTKA would have a higher complication rate and mortality; and that BTKA would be an independent factor for adverse outcomes.
Materials and Methods
The material for our study was obtained from multiyear data files of the National Hospital Discharge Survey (NHDS) (Centers for Disease Control and Prevention, Atlanta, GA). The plan and operation of the NHDS has been published in detail [12] . In summary, the NHDS includes medical information collected annually since 1965 by the National Center for Health Statistics with the purpose of compiling nationally representative data on inpatient utilization of short-stay hospitals (Appendix 1). The hospital universe includes Medicare-participating, noninstitutional hospitals of various sizes, exclusive of military, Veterans Affairs, and federal facilities in the 50 states and the District of Columbia. Hospitals included in the survey are required to have an average length of stay of less than 30 days to be considered short-stay or to be a general medical or surgical hospital regardless of length of stay. Facilities are also required to have at least six beds for patient use. Periodic updates of the hospital universe are performed to account for changes.
To ensure accurate, nationally representative sampling, the NHDS uses a complex three-stage probability design. Information collected in the survey includes diagnosis and procedure codes (International Classification of Diseases, 9 th Revision, Clinical Modification [ICD-9-CM]), age, gender, race, principal expected source of payment (insurance status), length of care, hospital size, US region, and patient discharge status. Weighted data, with weights derived from census data by the NHDS, were provided to generate unbiased national estimates from the sample (1% of all hospital discharges in the United States).
The NHDS has been used extensively in the past to analyze data associated with a wide range of procedures across a variety of medical specialties. Over 400 select medical publications that used data from the NHDS or the National Survey of Ambulatory Surgery (NSAS) since 1980 are listed on the Centers for Disease Control and Prevention web site [66] .
Data collected for each year between 1990 and 2004 were obtained, read into a software program (SAS version 8.2; SAS Institute, Cary, NC), and analyzed. Discharges with a procedure code (ICD-9-CM) for primary or revision TKA (81.54, 81.55) were identified and included in the sample. Three procedure type groups were subsequently created: BTKA, UTKA, and RTKA. Patients who had UTKA were identified by the occurrence of the procedure code 81.54 once; those with BTKA had this procedure code listed twice. We identified 4,159,661 hospital discharges after TKA between years 1990 and 2004. Of those, 88.3% were UTKA, 3.7% BTKA, and 8% RTKA ( Table 1) .
We determined the prevalence of procedure subtypes and respective demographics (age, gender, race, disposition status, primary source of payment, distribution of procedures by hospital size and US region, length of hospitalization). Frequencies of procedure-related complications were analyzed by determining cases that listed ICD-9-CM diagnosis codes specifying complications of surgical and medical care (ICD-9-CM 996.X to 999.X). For RTKA, device-related complications (996.X) most likely represented the primary preoperative indication for surgery and thus this diagnosis code was excluded from our analysis. In addition, we studied the prevalence of selected adverse diagnosis, including pulmonary embolism, thrombotic events, respiratory insufficiency after trauma or surgery/acute respiratory distress syndrome, acute posthemorrhagic anemia, and confusion, using appropriate ICD-9-CM diagnosis codes. Comorbidity profiles were analyzed by determining the prevalence of hypertension, hypercholesteremia, diabetes mellitus, obesity, pulmonary disease, and coronary artery disease. (See Appendix 2 for ICD-9-CM diagnosis codes used to determine the presence of comorbidities and adverse diagnoses.) Differences in in-hospital mortality between procedure subtypes were also assessed. Subsequently, multivariate regression analysis was performed and odds ratios and 95% confidence intervals were calculated to determine if type of surgery, age, and gender were independent predictors for inhospital mortality and the occurrence of procedure-related complications.
Differences among procedure types were assessed first using chi square tests and then using z-scores for categorical variables where appropriate. We evaluated the importance of differences between procedure types for continuous variables using a general linear model (Scheffe's Test). We presumed a p value of 0.001 was clinically important.
To study the independent risk factors for complications after knee arthroplasty, we performed multivariate logistic regression analysis. The variables included in the model were procedure type, age, gender, race, hospital bed size, US region, source of payment, and comorbidities. The analysis was repeated for dependent variables to include the occurrence of any procedure-related complication, pulmonary and cardiac in particular, pulmonary embolism, and in-hospital mortality. All analysis was performed using SAS version 8.2 (SAS Institute).
Results
We identified an estimate of 153,259 discharges after BTKA. The average age of the patients at the time of surgery was 66.6 years with 40.2% aged younger than 65 years (Table 1) . A total of 58.8% of patients were female. Further patient-and healthcare-system-related characteristics are detailed ( Table 1 ). The most prevalent comorbidities among patients undergoing BTKA were hypertension (42.6%), diabetes mellitus (12.4%), and obesity (8.3%) ( Fig. 1 ). The mean length of hospital stay was 5.8 days. Procedure-related complications occurred in 12.2%. Among the most frequently reported were hematoma formation (2.5%) and organ-specific complications, including cardiac (1.9%), respiratory (1.9%), gastrointestinal (1.4%), and genitourinary (1.4%) ( Table 2 ). In-hospital death occurred in 0.5% of patients undergoing BTKA.
Patients undergoing BTKA were younger and had a more favorable comorbidity profile than those undergoing UTKA and RTKA. Patients undergoing BTKA were on average 1.5 years younger than those undergoing UTKA (68.3 years) and RTKA (68 years). The number of patients younger than 65 years of age at the time of surgery was higher in the BTKA group (40.2%), than in the UTKA (31.4%) and RTKA (32.5%) groups ( Table 1 ). All three TKA procedures were more prevalent among female patients. However, for BTKA and RTKA, the gap between genders was smaller when compared with UTKA (Table 1) . Hypertension was the most prevalent comorbidity for all three procedure types, affecting 42.6% of patients undergoing BTKA, 45.9% of UTKA, and 41.6% of RTKA, respectively ( Fig. 1 ). Patients undergoing BTKA had a lower prevalence of hypertension, diabetes mellitus, hypercholesteremia, and pulmonary and coronary artery disease than those undergoing UTKA; and lower prevalence of diabetes mellitus, and pulmonary artery disease, and coronary artery disease than those undergoing RTKA. The only comorbidity for which patients undergoing BTKA had the highest prevalence among procedure types was obesity (8.3% versus 6.3% for UTKA; 5.6% for RTKA). The length of hospital stay was longest for BTKA (average, 5.8 days; range, 1-101 days). Patients were hospitalized an average of 5.3 days (range, 1-53 days) after UTKR; and 5.4 days (range, 1-187 days) after RTKA (Table 1) .
Procedure-related complications were approximately 50% more frequent among patients after BTKA (12.2%) than after UTKA (8.2%) and RTKA (8.7%) ( Table 2 ). The incidence of pulmonary embolism, confusion, and thrombotic events was higher for BTKA when compared with UTKA. The incidence of these events (except for thrombotic events) was lowest among RTKA patients (Fig. 2) . The incidence of posthemorrhagic anemia was 28.6% for BTKA, 15.3% for UTKA, and 13.1% for RTKA. Inhospital mortality rates were highest for BTKA (0.5%) followed by UTKA (0.3%) and RTKA (0.2%) ( Table 1) . The proportion of patients whose disposition was to a longterm care facility after BTKA (37.2%) was approximately double that of the other two procedures studied (UTKA 19.6%; RTKA 17.3%) ( Fig. 3 ). Fig. 1 The figure shows the prevalence of comorbidities among patients undergoing different types of TKA procedures. The p value is less than 0.001 among all procedure types for all comorbidity groups (z-scores), except pulmonary (UTKA and BTKA and BTKA and RTKA only) and hypercholesteremia (UTKA and RTKA and BTKA and RTKA only). UTKA = unilateral TKA; BTKA = bilateral TKA; RTKA = revision TKA.
BTKA and increasing age were independent risk factors for procedure-related complications in general, and cardiac and respiratory complications in particular, when compared with UTKA. We found the same for in-hospital mortality and pulmonary embolism (Table 3) ( Fig. 4) . RTKA was associated with increased risk for the development of procedure-related complications and respiratory complications when compared with UTKA ( Fig. 4 ). Male gender Fig. 2 The figure shows the prevalence of selected adverse diagnoses among patients undergoing different types of TKA. ARDS = pulmonary insufficiency after trauma or surgery/ARDS. The p value is less than 0.001 between all procedure types for all adverse event groups (z-scores), except for ARDS (UTKA and RTKA and BTKA and RTKA only). UTKA = unilateral TKA; RTKA = revision TKA; BTKA = bilateral TKA. Fig. 3 The figure shows the discharge destination after different TKA procedures. The p value is less than 0.001 among all procedure types (chi square) and among discharge destination groups (z-scores). UTKA = unilateral TKA; BTKA = bilateral TKA; RTKA = revision TKA.
was also associated with an increased risk for adverse outcomes, except for pulmonary embolism (Table 3 ).
Discussion
In this study, we aimed to determine nationally representative patient-and healthcare-system-related characteristics, the prevalence of procedure-related complications, and inhospital mortality associated with BTKA surgery. Furthermore, we compared these results with data of patients undergoing UTKA and those undergoing RTKA. We further assessed the independent role of the surgical procedure on postoperative outcomes by performing a multivariate regression analysis, thus controlling for a variety of relevant patient-and hospitalization-related variables captured in the survey. We identified BTKA to be a procedure with an increased risk of perioperative complications and mortality.
Our study is limited by a number of factors inherent to secondary data analysis of large administrative databases. As such, clinical information available in the NHDS is limited and our analysis must be interpreted in this context. Because of the nature of the NHDS, only in-patient data are available and thus complications and events after discharge are not captured. Furthermore, readmissions cannot be discerned from this database. Thus, conclusions should be limited to the acute postoperative setting with the notion that mortality and complications are likely underestimated. An additional limiting factor is the bias associated with the retrospective nature of our study. Nevertheless, because of the availability of data from a large, nationally representative sample, this type of analysis may provide a more accurate estimate of events surrounding TKA than various prospective studies that are limited in sample size and thus Odds ratios whose confidence intervals do not overlap with 1 represent a significantly different value when compared with UTKA; U = unilateral; R = revision; B = bilateral. Fig. 4 The figure shows the odds ratios (ORs) and 95% confidence intervals (95% CIs) for in-hospital mortality and selected medical complications in patients undergoing BTKA and RTKA. (Referent is UTKA; OR, 1.) All ORs are different from UTKA = 1. BTKA = bilateral TKA; RTKA = revision TKA; UTKA = unilateral TKA.
lack the ability to capture low-incidence outcomes. The use of ICD-9 coding poses some limitations. Although we identified patients undergoing BTKA by the occurrence of the code for UTKA twice, it is not possible to distinguish patients who had BTKA performed during the same session from those who underwent surgery at different times during their hospitalization [17, 62] . Furthermore, ICD-9 code 81.54 includes unicompartimental knee arthroplasty, which was not frequently performed during the study period in the United States. ICD-9 code 81.55 (revision knee arthroplasty) does not discriminate complex revisions from straightforward ones like the exchange of a polyethylene insert. Other authors have reported these problems when analyzing data from Medicare enrollees [4] . Although differences in outcomes between these different approaches may exist [43, 53, 60, 64, 69, 73] , our data more likely provide an overview of actual practice. Moreover, the average length of hospitalization for patients undergoing BTKA in our analysis (5.8 days) was only a half day longer than that of patients undergoing UTKA (5.3 days), indicating probably in most of the admissions, BTKA was performed under the same anesthetic. Finally, despite rigorous quality assurance measures applied in the operation of the NHDS, undercoding of diagnosis, particularly of chronic conditions, is likely to influence analysis of comorbidities as risk factors. This problem has been described in the past [6, 30] . Iezzoni et al. [30] suggested many comorbidities that, on a clinical basis, should be associated with increased risk of adverse outcomes were erroneously linked with a lower risk of in-hospital death. Although undercoding should affect the reported prevalence of comorbidities for each procedure type equally and thus allow for comparative data analysis, attempting to identify certain comorbidities as risk factors, especially when low-incidence outcomes are analyzed, may yield misleading results and thus was not attempted in this study. However, the fact that both the exclusion and inclusion of comorbidities in the regression analysis had a negligible influence on results suggests these variables have little influence on the determination of other risk factors such as age and gender. We believe taking into consideration the previously mentioned limitations, our analysis is valid and clinically relevant. We described the demographic, comorbidity profile, and healthcare system-related variables in patients undergoing BTKA, UTKA, and RTKA. The proportion of arthroplasties being performed in women was higher for all procedure types. Research suggests osteoarthritis is both more prevalent and incapacitating in females than males, which may explain discrepancies in use found between genders [23] . There was a higher proportion of male patients undergoing BTKA and RTKA in comparison to those undergoing UTKA. This observation has been previously made [28] , including the Medicare population [4] .
These findings should be assessed critically, because we identified male gender as an independent risk factor for procedure-related complications. Male gender has been linked to increased risk for mortality after simultaneous BTKA and TKA in general in the past [55, 63, 64] .
We found a lower prevalence of comorbid diseases among patients undergoing BTKA, except for obesity. Obesity has been suggested as a cause of premature knee osteoarthritis [20, 75] . This may explain our and other authors' observations of a higher prevalence of this comorbidity among patients undergoing BTKA [21, 75] . Of note should be the obese patient population may be at increased risk for adverse outcomes [3, 15, 16] .
Increased comorbid burden such as preexisting cardiopulmonary disease and diabetes has been associated with worse outcome after TKA [50, 55] ; hence, it is expected more invasive procedures such as BTKA, associated with increased risk of adverse perioperative events, are performed on healthier patients with less comorbid disease.
We and others [8] observed a similar length of hospital stay for all studied TKA procedures. However, a larger proportion of patients after BTKA were transferred to longterm care facilities as compared with UTKA and RTKA (37.2% versus 19.6% versus 17.3%, respectively). This observation most likely reflects the increased need for acute rehabilitation after BTKA [40, 45] . Thus, the apparent similar length of hospital stay of patients undergoing BTKA may represent a shift of care to rehabilitation centers, which are less costly than hospitals [24, 25] . It is of concern that this reduction in hospitalization time may shift the monitoring period for serious complications to an out-of-hospital environment. However, Parvizi et al. recently noted 90% of life-threatening complications after lower extremity total joint arthroplasty occurs within 4 days of surgery [54] . In the previously discussed study by Gandhi et al., 91% of patients developing a myocardial infarction after total joint arthroplasty did so in the first five postoperative days [18] , which encompasses the mean hospital stay we found.
When compared with UTKA, a higher proportion of RTKAs and BTKAs were performed in hospitals with bed sizes over 200. This observation was most noticeable for BTKAs and has been observed in a previously discussed study of Medicare patients [4] . This finding may reflect the fact that larger hospitals may be better equipped to take care of presumably more complex procedures such as RTKA and BTKA. An association between higher hospital procedure volume and better outcomes after TKA has been described in the past [32, 71] . However, the relationship between outcomes and hospital size remains unstudied and requires further evaluation.
We identified BTKA as an independent risk factor for complications and mortality when compared with UTKA and RTKA (Fig. 4 ). This observation was made despite the presence of a more favorable comorbidity profile and lower average age in the BTKA group (Fig. 1 ). BTKA was associated with an approximately 50% higher overall procedure-related complication rate. The occurrence of most adverse events studied, including pulmonary embolism and confusion, was higher in the BTKA group, which is in concordance with reports in the literature. Studying Medicare participants, Barrett et al. reported the adjusted risk of pulmonary embolism was 80% higher after BTKA than UTKA (adjusted hazard ratio, 1.81) [4] . Restrepo et al. reported an increased risk of pulmonary embolism (odds ratio, 1.8) and cardiac complications (odds ratio, 2.49) after simultaneous compared with staged BTKA [60] . Gandhi et al. [18] analyzed the rate and timing of myocardial infarction among 3471 patients undergoing total joint arthroplasty at a single institution. In a multivariate analysis, increased body mass index and age, bilateral surgery, diabetes, and American Society of Anesthesiologists Class 3 were associated with increased risk of myocardial infarction [18] . Lane et al. reported postoperative confusion was four times more prevalent after BTKA (29%) than after UTKA (7%) [40] . The rate of posthemorrhagic anemia was 28.6% of all patients undergoing BTKA, approximately double that of unilateral procedures. An increase in the blood transfusions after BTKA versus UTKA has been reported in the literature [7, 44] . Lane et al. suggested the risk of having banked blood after bilateral procedures was 17 times increased, thus causing concern in the setting of transfusion-related complications, including transmission of disease [40] .
We observed procedure-related infections and wound dehiscence were higher in the RTKA group. RTKA has been associated with increased infection rates compared with UTKA in the past [46] . Despite the higher rate of obesity in patients undergoing BTKA, those undergoing UTKA had higher rate of procedure-related infection. This may be explained by the fact that the latter group had an increased prevalence of other comorbidities, some that are linked to an increased risk of infection, ie, diabetes [50] . Huotari et al. reported BTKAs were not associated with increased risk of infection when compared with UTKAs [28] .
The reasons for the difference in outcome profiles are poorly understood, but the exposure of organ systems to the various loads of microemboli during the implantation process and the ensuing inflammatory response may explain the differences in the observed incidence of a number of complications [33, 34, 39] . The fact that the procedure code for RTKA for a complete knee revision and isolated revisions of a polyethylene insert or a patella component [22] are the same under the current procedure coding system may explain the overall low prevalence of adverse events and procedure-related complications seen in the RTKA group.
We found an almost threefold increase in the risk of inhospital mortality among patients undergoing BTKA and a reduced risk for patients undergoing RTKA when using UTKA as a referent. In the setting of similar length of hospitalization, differences in the capture timeframe can largely be excluded as a source of bias. Our findings are in agreement with existing data. Parvizi et al. identified risk factors for 30-day mortality to include simultaneous BTKA as compared with unilateral procedures and, interestingly, primary TKA as compared with RTKA [55] . In their recent meta-analysis, Restrepo et al. reported simultaneous BTKAs were associated with increased risk for mortality (odds ratio, 1.8) when compared with staged procedures [60] . In an analysis of the published data up to 2004, Oakes and Hanssen reported the early mortality rate of simultaneous BTKA (1%) was almost three times higher than that of staged BTKA (0.4%) [53] . Finally, Mangaleshkar et al. retrospectively reviewed the early complications of a consecutive series of 54 patients with simultaneous BTKA, 34 patients with staged BTKA, and 367 with UTKA. Four patients of the first group died in the early postoperative period. No deaths were observed in the other two groups [47] .
We found advanced age was an independent risk factor for increased early complications and mortality after TKA surgery, thus confirming the observation of other authors [1, 6, 44, 55, 63, 70] . Patients between the ages of 65 and 84 years had a fivefold higher chance and those over 85 years a 22-fold higher chance of mortality after TKA than those aged 45 to 64 years. This observation is further supported by Parvizi et al. who, among other factors, identified advanced age (older than 70) to be associated with increased mortality [55] . Similarly, Mantilla et al. reported the rate of adverse events after lower extremity arthroplasty increases with advanced age, especially for patients aged 70 years or older [48] . Our observation that patients undergoing BTKA were younger than those undergoing UTKA and RTKA has also been made by others [28] and may, at least in part, reflect the clinician's concern to perform this more invasive procedure in a younger and thus presumably healthier population. Among 4,159,661 hospital discharges, we identified substantial differences in patient and hospital demographics and outcomes among BTKA, UTKA, and RTKA. In the setting of similar hospital stay, we found a higher in-hospital mortality and procedure-related complication rate among patients after BTKA when compared with UTKA and BTKA. These observations were made despite a more favorable comorbidity profile and younger age among patients undergoing BTKA. Furthermore, BTKA was identified as an independent risk factor for in-hospital mortality and procedure-related complications when compared with UTKA and RTKA. Taking the discussed limitations into account, our data can be used to inform and provide nationally representative data to physicians, administrators, researchers, policymakers, and patients on demographics and outcomes of various types of knee arthroplasties. Future efforts should concentrate on studying patient-and healthcare-related risk factors associated with complications and mortality after BTKA to diminish the perioperative risks. 
